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 EXECUTIVE SUMMARY 
 
 
Travel time based mobility measures have been increasingly used in highway performance 
analyses.  Among them, travel time index (TTI), planning time index (PTI), percentage of travel 
under congestion (PTC), and buffer index (BI) have been identified as the measures of particular 
interests in Kentucky.  In this study, these measures were calculated using traffic monitoring data 
archived in the Kentucky Archived Data Management System (ADMS).  These data were 
collected during 2006-8 on freeways in Louisville area by TRIMARC.   
 
General observations are: 
(1) Congestion eased somewhat between 2006 and 2008 on almost all freeways in the area.   
(2) The peak period in the afternoon (4-7pm) had the most congestion during a day.   
(3) During the rush hours, planning time index were usually the highest, indicating a larger 
variance, and therefore, less reliability in travel time.   
(4) Although the average speed during nighttime is low, one should be cautious in 
interpreting this as a result of congestion.  Device error during low light condition, as 
well as driver behavior, law enforcement, and heavy volume of commercial vehicles 
during the nighttime may have contributed to the low speed.   
(5) The bottlenecks on I-64 are located at  
a. The “spaghetti junction” where I-64, I71, and I-65 meet; 
b. I-64E near Blankenbaker Parkway; and 
c. I-64W at Breckenridge Lane. 
(6) The bottleneck locations on I-65 are located at 
a. I-65S at mile marker 135.2 where a number of on ramps from the 1st Street feed 
traffic to the freeway with short merging distance; 
b. I-65N at the same location as in part a due to the impact of ramps and freeway 
curvature; and 
c. I-65S at mile marker 131.4 near the interchange with I-264.   
(7) The bottleneck segments had much higher rates of vehicular crashes than that of the 
entire monitored freeway corridors.   
 
The impact of incident on travel time reliability was analyzed at the corridor level.  Incident log 
recorded by TRIMARC was used because it contains information on the start and end times of an 
incident, its location, number of lane(s) blocked, and the nature of the incident.  It was found that 
among many characteristics of incident, the fraction of time with lane-blocking incident 
appeared to correlate well with buffer index, especially during periods with less congestion.  This 
implies that strategies aiming at reducing the duration of lane blocking incidents would 
potentially be most effective in improving travel time reliability.  More research is needed on 
estimating the impact of incident under various flow and geometric conditions.   
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CHAPTER 1 BACKGROUND 
 
 
Travel time based mobility measures have been increasingly used in highway performance 
analyses.  Among them, travel time index (TTI), planning time index (PTI), percentage of travel 
under congestion (PTC), and buffer index (BI) have been identified as the measures of particular 
interests in Kentucky.   
 
TTI is one of the mobility measures reported for dozens of metropolitan areas in the US (Texas 
Transportation Institute 2009).  Louisville metropolitan area and northern Kentucky (as part of 
the Greater Cincinnati metropolitan area) are among the participating areas.  The TTI for 
Louisville area and Greater Cincinnati area in 2006 were 1.23 and 1.18, respectively.  This 
means that travel time during peak period is approximately 20% longer than that during off-peak 
period.  These measures are based upon traffic data collected on both freeway and urban surface 
streets.   
 
PTI measures the reliability of travel time.  For example, a PTI value of 2.0 indicates that a 
traveler should plan to take twice as much time to reach the destination as it would take during 
uncongested period.  It reflects variability of travel time during a given time frame.   
 
However, these indices are only reported as an area-wide average in an effort of tracking overall 
congestion over time (Texas Transportation Institute 2009).  They have limited use in tracking 
the long-term performance of a specific corridor or segment, identifying needs for improvement, 
and providing decision support in project prioritization.   
 
The objectives of this study are:   
(1) Calculate TTI, PTI, PTC, and BI for freeways within the TRIMARC coverage; and  
(2) Explore potential correlation between the reliability measures and incident characteristics 
(e.g., number of incidents, duration, severity, etc.).   
 
These analyses were performed for the years 2006-8 for each monitored segment and freeway 
corridor as well as for the entire freeway system.  During this period, there were approximately 
39 miles of freeway that are under the surveillance of 94 detector stations, including four miles 
on I-71, twenty-one miles on I-64, seven miles on I-65, and seven miles on I-264.   
 
This study provides mobility measures for freeways in Louisville metropolitan area in usable 
format.  The results can benefit KIPDA in the identification and prioritization of congestion 
relief projects, as well as the long-term tracking and reporting of mobility measures.  It also can 
assist KYTC in the development of the six-year highway plan.   
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 CHAPTER 2 TRAVEL TIME BASED CONGESTION MEASURES 
 
 
With the increased availability of traffic data from various sources, State DOTs and MPOs have 
been gradually expanding their metrics for highway performance from static measures (e.g., 
volume-capacity ratio and level of service) to the inclusion of travel time based measures.  In 
annual Urban Mobility Report produced by Texas Transportation Institute (2009), several travel 
time based measures are reported for participating metropolitan areas in the country, including 
travel time index, planning time index, and buffer index, etc.  Compared to the traditional 
measures, these indices provide a clearer picture on the variability and reliability of the travel 
time.  They are also better understood by the public.   
 
In order to provide decision support for applications such as corridor management and project 
prioritization, travel time index (TTI), planning time index (PTI), percent travel under congestion 
(PTC), and buffer index (BI) are chosen as the measures to be generated for Kentucky.  This 
concept is tested for the interstates covered by the TRIMARC system in Louisville metro area.   
 
2.1 Data Source 
 
The TRIMARC traffic management center has been collecting data generated at each detector 
station since 2002.  In a previous study, the Kentucky Archived Data Management System 
(ADMS) was developed to process and archive the TRIMARC traffic monitoring data.  The 
Kentucky ADMS can be accessed at http://adms.uky.edu and it currently contains archived 
volume, speed, and lane occupancy at 15 minute interval between 2002 and 2008.  Additionally, 
incident logs since 2004 have been made available at the Kentucky ADMS site.  Figure 2-1 
shows a screenshot of the Kentucky ADMS.   
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Figure 2-1 Kentucky ADMS homepage 
 
 
As a measure for quality control and assurance, detector data has been screened using a set of 
criteria developed by the Texas Transportation Institute as part of the mobility monitoring 
program.  Missing and erroneous records have been flagged and imputation has been performed 
to provide the “best estimate” of the missing/erroneous values.   
 
In this study, travel time based congestion measures are calculated using data from TRIMARC 
during 2006 and 2008.  There are approximately 94 detector stations that collect traffic data each 
year during this period, while a small number of them might have been offline or malfunctioned 
occasionally due to variously reasons.   
 
2.2 Definitions 
 
2.2.1 Travel Time Index 
 
Travel time index is defined as the ratio between travel time during peak period and the free-flow 
travel time.  For example, a TTI value of 1.2 means travel time during peak period is 20% longer 
than the free-flow travel time between the same origin and destination.   
 
Free-flow speed is a necessary parameter in the calculation of the TTI.  The Urban Mobility 
Report uses 60mph as the default free-flow speed for urban interstate.  This assumption is tested 
using data from Louisville area interstates, and it is confirmed that the 85th percentile speed on 
3
 every interstate corridor is no more than 3mph above this.  Therefore, 60mph is also used as the 
default free-flow speed on these interstates.   
 
TTI is calculated for each segment, for each 15-min interval.  To provide a full range of statistics 
for different users, TTI is computed at both the segment level (for each detector station) and the 
corridor level (for all stations along the interstate) for various temporal grouping schemes: 
• 15-min TTI for weekday, weekend, and overall 
• TTI by time-of-the-day for weekday, weekend, and overall 
• TTI by day-of-the-week 
• TTI by month for weekday, weekend, and overall 
• TTI for the entire year 
 
2.2.2 Planning Time Index 
 
Planning time index can be computed as the ratio between the 95th percentile travel time and the 
free-flow travel time.  It is an indicator of travel time needed to ensure an on-time arrival at 
destination in 19 days out of 20.  A PTI value of 2.0 for a given time period indicates that a 
traveler should budget twice as much time for traveling during a given period as the free-flow 
travel time to ensure a 95% chance on-time arrival.   
 
PTI is computed for all segments and interstate corridors.  The statistics is aggregated in the 
same fashion as described above for TTI.   
 
2.2.3 Percent Travel under Congestion 
 
The percentage travel under congestion is defined as the percentage vehicle miles traveled 
(VMT) under congested condition.  When the average speed is below 50mph on an interstate, the 
traffic is considered as congested.  The PTC measure is aggregated in the similar temporal and 
spatial fashion described above for TTI.   
 
2.2.4 Buffer Index 
 
Buffer index is closely related to travel time index and planning time index.  It is the percentage 
time that a traveler needs to plan, relative to his/her own average travel time, to ensure a 95% 
chance of on time arrival.  It is computed as ܲܶܫ ܶܶܫ⁄ െ 1 based on its definition.  BI is 
computed at the corridor level only.  BI is aggregated temporally in a similar way as TTI.   
 
2.3 Congestion Level and Trend 
 
TTI and PTC are used to measure the level of congestion for a highway.  This section contains 
summary and observations drawn from the computed TTI and PTC over 2006-8.  The complete 
results for the travel time based congestion measures can be found in the appended electronic 
files.   
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 2.3.1 Overall  
 
The overall TTI and PTC for 2006-8 are listed in Table 2-1.  One can observe that over the three 
year period, congestion didn’t appear to have worsened except that on I-65S travel time index 
had a slight increase in 2008.  Among all highways, I-65S appears to be the most congested, 
particularly after 2006.   
 
Table 2-1 Congestion measures by year 
 
 TTI PTC 
2006 2007 2008 2006 2007 2008 
I-264E 1.00 1.00 1.00 0.00 0.00 0.00 
I-264W 1.02 1.01 1.00 0.00 0.01 0.00 
I-64E 1.10 1.08 1.06 0.14 0.07 0.07 
I-64W 1.08 1.05 1.04 0.11 0.07 0.08 
I-65N 1.07 1.03 1.04 0.16 0.07 0.06 
I-65S 1.07 1.07 1.09 0.09 0.19 0.13 
I-71N 1.00 1.00 1.00 0.02 0.02 0.01 
I-71S 1.01 1.00 1.00 0.04 0.05 0.04 
 
 
2.3.2 Monthly Pattern 
 
Table 2-2, Table 2-3, and Table 2-4 contain the monthly TTI across all interstates for the three 
year period.  On most interstates, there was no significant variation in TTI among the months, 
with a minor exception for I-65 on which traffic during summer months appeared to be slightly 
more congested during 2007-8.   
 
Table 2-2 2008 Monthly TTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.00 1.00 1.00 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I64E 1.08 1.08 1.07 1.08 1.08 1.08 1.10 1.06 1.03 1.03 1.02 1.01 
I64W 1.02 1.06 1.09 1.07 1.07 1.05 1.05 1.03 1.02 1.02 1.00 1.02 
I65N 1.02 1.03 1.03 1.01 1.02 1.05 1.08 1.08 1.05 1.04 1.02 1.01 
I65S 1.06 1.06 1.09 1.05 1.09 1.13 1.12 1.11 1.09 1.08 1.07 1.07 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Table 2-3 2007 Monthly TTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.00 1.00 1.01 1.00 1.00 1.01 1.06 1.00 1.00 1.00 1.00 1.00 
I64E 1.07 1.08 1.08 1.08 1.09 1.10 1.06 1.08 1.09 1.08 1.08 1.07 
I64W 1.02 1.05 1.06 1.05 1.04 1.04 1.08 1.03 1.04 1.08 1.08 1.04 
I65N 1.02 1.01 1.03 1.03 1.02 1.01 1.05 1.01 1.02 1.05 1.04 1.02 
I65S 1.05 1.07 1.07 1.07 1.06 1.05 1.07 1.06 1.06 1.10 1.06 1.10 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.00 1.02 1.01 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
 
 
Table 2-4 2006 Monthly TTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.04 1.04 1.03 1.04 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.04 1.04 1.03 1.05 1.01 1.02 1.00 1.01 1.01 1.01 1.00 1.00 
I64E 1.13 1.13 1.13 1.14 1.08 1.09 1.07 1.09 1.09 1.09 1.09 1.08 
I64W 1.11 1.10 1.12 1.14 1.04 1.06 1.04 1.08 1.08 1.07 1.06 1.04 
I65N 1.10 1.09 1.08 1.09 1.04 1.06 1.03 1.05 1.07 1.08 1.06 1.07 
I65S 1.11 1.09 1.08 1.09 1.02 1.06 1.02 1.05 1.03 1.06 1.03 1.18 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.03 1.04 1.04 1.06 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
 
 
Table 2-5, Table 2-6, and Table 2-7 show the percentage travel under congested condition (i.e., 
with average speed under 50mph) for 2006-8.  It appears that on I-64 less traffic was under 
congested condition in 2008 than in 2006, especially between January and April.  For I-65, 
although travel time index increased in 2008, the fraction of travel at 50mph or lower was less 
than previous years.  Nevertheless, I-65, particularly the southbound, remained the most 
congested freeway in the area.   
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Table 2-5 2008 Monthly PCT 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I64E 0.06 0.07 0.08 0.06 0.06 0.09 0.12 0.10 0.06 0.07 0.03 0.07 
I64W 0.04 0.08 0.13 0.12 0.11 0.09 0.09 0.07 0.07 0.06 0.05 0.06 
I65N 0.05 0.07 0.07 0.04 0.05 0.07 0.09 0.09 0.07 0.06 0.05 0.05 
I65S 0.13 0.10 0.18 0.10 0.16 0.17 0.15 0.13 0.14 0.10 0.09 0.10 
I71N 0.01 0.02 0.01 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 
I71S 0.06 0.06 0.07 0.04 0.03 0.04 0.03 0.02 0.05 0.04 0.03 0.05 
 
 
Table 2-6 2007 Monthly PCT 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.00 0.00 0.00 0.00 0.01 0.05 0.00 0.00 0.00 0.00 0.00 
I64E 0.05 0.05 0.06 0.06 0.08 0.09 0.05 0.06 0.07 0.08 0.07 0.06 
I64W 0.06 0.07 0.07 0.07 0.07 0.07 0.09 0.06 0.06 0.10 0.10 0.06 
I65N 0.06 0.05 0.07 0.09 0.06 0.05 0.09 0.06 0.05 0.09 0.08 0.05 
I65S 0.19 0.21 0.21 0.25 0.20 0.16 0.20 0.19 0.16 0.21 0.14 0.22 
I71N 0.02 0.01 0.02 0.01 0.04 0.01 0.00 0.01 0.01 0.02 0.03 0.01 
I71S 0.04 0.07 0.08 0.07 0.07 0.04 0.04 0.03 0.05 0.06 0.04 0.03 
 
 
Table 2-7 2006 Monthly PCT 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 
I64E 0.25 0.26 0.24 0.26 0.10 0.14 0.07 0.08 0.09 0.08 0.07 0.05 
I64W 0.16 0.17 0.20 0.26 0.07 0.05 0.05 0.08 0.08 0.08 0.07 0.06 
I65N 0.19 0.19 0.18 0.19 0.11 0.13 0.10 0.15 0.17 0.17 0.16 0.18 
I65S 0.19 0.10 0.09 0.11 0.05 0.07 0.04 0.10 0.06 0.07 0.06 0.08 
I71N 0.02 0.03 0.01 0.01 0.02 0.00 0.03 0.01 0.02 0.03 0.01 0.01 
I71S 0.05 0.04 0.04 0.06 0.04 0.01 0.04 0.04 0.06 0.05 0.07 0.03 
 
 
2.3.3 Weekly Pattern 
 
The weekly pattern for TTI and PTC are listed in the tables below.  The results are expected – 
traffic congested is less severe on the weekends.  The level of congestion didn’t vary 
significantly among different work days.   
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 Table 2-8 2008 Weekly TTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.00 1.01 1.00 1.00 1.00 1.00 1.00 
I64E 1.06 1.07 1.07 1.08 1.07 1.03 1.04 
I64W 1.04 1.06 1.05 1.07 1.06 1.00 1.00 
I65N 1.04 1.05 1.05 1.05 1.04 1.00 1.01 
I65S 1.08 1.11 1.11 1.10 1.08 1.06 1.04 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
 
 
Table 2-9 2007 Weekly TTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.01 1.01 1.01 1.01 1.01 1.00 1.00 
I64E 1.08 1.09 1.09 1.10 1.08 1.05 1.05 
I64W 1.04 1.07 1.07 1.09 1.06 1.00 1.00 
I65N 1.03 1.05 1.04 1.05 1.03 1.00 1.00 
I65S 1.07 1.09 1.08 1.10 1.07 1.03 1.03 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.00 1.01 1.01 1.02 1.00 1.00 1.00 
 
 
Table 2-10 2006 Weekly TTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I264W 1.02 1.02 1.02 1.02 1.02 1.01 1.01 
I64E 1.10 1.11 1.11 1.12 1.10 1.07 1.07 
I64W 1.06 1.09 1.09 1.12 1.10 1.03 1.02 
I65N 1.07 1.08 1.07 1.09 1.07 1.04 1.04 
I65S 1.06 1.08 1.07 1.09 1.08 1.04 1.04 
I71N 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
I71S 1.01 1.03 1.02 1.02 1.00 1.00 1.00 
 
  
8
  
Table 2-11 2008 Weekly PTC 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I64E 0.08 0.09 0.08 0.08 0.07 0.05 0.05 
I64W 0.08 0.10 0.09 0.11 0.09 0.04 0.04 
I65N 0.06 0.08 0.08 0.08 0.07 0.03 0.03 
I65S 0.11 0.16 0.16 0.14 0.13 0.09 0.07 
I71N 0.01 0.02 0.01 0.02 0.01 0.00 0.00 
I71S 0.04 0.06 0.06 0.06 0.03 0.01 0.00 
 
 
Table 2-12 2007 Weekly PTC 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.01 0.01 0.01 0.01 0.01 0.00 
I64E 0.06 0.09 0.09 0.09 0.07 0.02 0.02 
I64W 0.06 0.09 0.09 0.11 0.08 0.03 0.03 
I65N 0.07 0.09 0.08 0.09 0.06 0.04 0.04 
I65S 0.19 0.21 0.21 0.21 0.20 0.16 0.15 
I71N 0.01 0.03 0.03 0.02 0.01 0.00 0.00 
I71S 0.05 0.08 0.08 0.08 0.04 0.00 0.00 
 
 
Table 2-13 2006 Weekly PTC 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.00 0.00 0.00 0.00 0.01 0.01 
I64E 0.16 0.17 0.17 0.18 0.16 0.10 0.09 
I64W 0.09 0.13 0.14 0.16 0.13 0.06 0.04 
I65N 0.15 0.20 0.19 0.21 0.19 0.10 0.09 
I65S 0.09 0.12 0.11 0.13 0.12 0.06 0.06 
I71N 0.09 0.07 0.12 0.16 0.11 0.10 0.10 
I71S 0.05 0.08 0.07 0.07 0.04 0.01 0.00 
 
 
2.3.4 Daily Pattern 
 
The daily pattern for TTI and PTC are shown in the tables below.  Following is how the time 
period of a day is divided according to the flow pattern on the interstates: 
 
12:00am – 5:59am:  early morning (EM) 
9
 6:00am – 8:59am: AM peak (AM) 
9:00am – 3:59pm: mid-day (MID) 
4:00pm – 6:59pm: PM peak (PM) 
7:00pm – 11:59pm: late night (LN) 
 
The level of congestion varied during a day, as the data show.  Although the afternoon 
congestion was obvious during the PM peak period, TTI and PTC measures indicated that delay 
during the early morning hours is worse than that during the AM peak period.  Further 
investigation indicated that most speeds recorded during nighttime were lower than those 
observed during the daytime under similar flow level.  Possible explanation may include the less 
reliable performance of the monitoring devices under the low light condition, and driver behavior 
during night time.  Moreover, a larger proportion of vehicles during the early morning hours are 
commercial vehicles compared to the morning and afternoon rush hours.  The traffic pattern 
around the major freight terminals in Louisville area also contributed to this observation.  
Nevertheless, one should be cautious in designating the traffic condition in early morning hours 
as “congested”.   
 
 
Table 2-14 2008 TTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.02 1.00 1.00 1.00 1.00 
I264W 1.06 1.00 1.00 1.00 1.00 
I64E 1.12 1.08 1.05 1.07 1.05 
I64W 1.10 1.09 1.02 1.06 1.01 
I65N 1.10 1.06 1.02 1.03 1.02 
I65S 1.14 1.06 1.07 1.14 1.07 
I71N 1.08 1.00 1.00 1.00 1.00 
I71S 1.10 1.00 1.00 1.00 1.00 
 
 
Table 2-15 2007 TTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.01 1.00 1.00 1.00 1.00 
I264W 1.06 1.00 1.01 1.00 1.00 
I64E 1.12 1.10 1.07 1.09 1.06 
I64W 1.09 1.10 1.02 1.10 1.01 
I65N 1.08 1.05 1.00 1.04 1.02 
I65S 1.13 1.04 1.04 1.14 1.05 
I71N 1.09 1.00 1.00 1.00 1.00 
I71S 1.10 1.04 1.00 1.00 1.00 
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Table 2-16 2006 TTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.03 1.00 1.00 1.00 1.00 
I264W 1.08 1.01 1.02 1.00 1.02 
I64E 1.13 1.13 1.09 1.11 1.08 
I64W 1.11 1.11 1.05 1.12 1.04 
I65N 1.12 1.11 1.05 1.06 1.06 
I65S 1.15 1.03 1.04 1.13 1.05 
I71N 1.10 1.00 1.00 1.00 1.00 
I71S 1.11 1.05 1.00 1.00 1.00 
 
 
Table 2-17 2008 PTC by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.00 0.00 0.00 0.00 0.00 
I264W 0.00 0.00 0.00 0.00 0.00 
I64E 0.12 0.08 0.06 0.08 0.06 
I64W 0.10 0.14 0.06 0.10 0.05 
I65N 0.08 0.12 0.04 0.06 0.04 
I65S 0.15 0.09 0.11 0.22 0.10 
I71N 0.06 0.00 0.00 0.02 0.01 
I71S 0.11 0.08 0.03 0.02 0.02 
 
 
Table 2-18 2007 PTC by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.00 0.00 0.00 0.00 0.00 
I264W 0.01 0.00 0.00 0.02 0.01 
I64E 0.08 0.10 0.05 0.09 0.04 
I64W 0.09 0.14 0.04 0.12 0.04 
I65N 0.10 0.12 0.03 0.08 0.07 
I65S 0.22 0.17 0.17 0.26 0.18 
I71N 0.07 0.01 0.01 0.02 0.01 
I71S 0.12 0.11 0.03 0.04 0.02 
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Table 2-19 2006 PTC by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.00 0.00 0.00 0.00 0.00 
I264W 0.01 0.00 0.00 0.00 0.00 
I64E 0.12 0.21 0.13 0.16 0.10 
I64W 0.10 0.16 0.09 0.16 0.08 
I65N 0.23 0.23 0.13 0.12 0.18 
I65S 0.16 0.05 0.06 0.16 0.07 
I71N 0.09 0.01 0.00 0.02 0.01 
I71S 0.11 0.11 0.02 0.02 0.02 
 
 
2.4 Reliability and Trend 
 
Planning time index and buffer index are the two indices often used to describe travel time 
reliability.  PTI is the ratio between the 95th percentile travel time and free-flow travel time, 
while BI is the additional time (compared to the average travel time experienced by a traveler) 
needed to ensure a 95% chance of on time arrival.   
 
2.4.1 Overall 
 
From Table 2-20, one can observe that in 2008, travel time reliability noticeably worsened 
compared to previous years on I-65S.  PTI increased from 1.51 to 1.94 and BI increased from 
0.41 to 0.78.  This means that in 2008, a traveler needs to plan for almost twice as much time as 
the free-flow travel time to ensure a 95% chance of on time arrival at his/her destination.  
Compared to his/her own average travel time on the same route during 2008, an additional 78% 
time needs to be planned.  Travelers on I-64 and I-65S appeared to experience the least reliable 
travel times, while I-264 was consistently the freeway with the highest travel time reliability in 
the area.   
 
Table 2-20 Reliability measures by year 
 
 PTI BI 
2006 2007 2008 2006 2007 2008 
I-264E 1.11 1.09 1.09 0.11 0.09 0.09 
I-264W 1.13 1.11 1.11 0.11 0.10 0.11 
I-64E 1.43 1.43 1.58 0.30 0.32 0.49 
I-64W 1.56 1.71 1.67 0.45 0.63 0.60 
I-65N 1.36 1.33 1.30 0.28 0.30 0.26 
I-65S 1.62 1.51 1.94 0.52 0.41 0.78 
I-71N 1.52 1.20 1.18 0.52 0.20 0.18 
I-71S 1.22 1.56 1.22 0.21 0.56 0.22 
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 2.4.2 Monthly Pattern 
 
The reliability measures are also grouped by month, as shown in the tables below.  One can 
observe that, in 2008, travel time appeared to be less reliable during summer months (between 
June and August) on I-64 and I-65.  This trend was not very obvious on other interstates or 
during 2006-7.   
 
Table 2-21 2008 Monthly PTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.09 1.11 1.09 1.09 1.07 1.09 1.07 1.07 1.09 1.07 1.07 1.07 
I264W 1.11 1.13 1.13 1.11 1.11 1.11 1.11 1.09 1.11 1.09 1.09 1.09 
I64E 1.40 1.50 1.58 1.62 1.67 2.29 2.77 1.71 1.50 1.25 1.20 1.25 
I64W 1.22 1.62 2.00 1.76 1.93 2.11 2.49 2.07 1.54 1.30 1.22 1.24 
I65N 1.20 1.30 1.33 1.18 1.23 1.87 2.18 2.15 1.28 1.28 1.18 1.19 
I65S 1.46 1.82 1.82 1.32 1.71 3.38 3.70 3.78 1.88 2.14 1.82 1.30 
I71N 1.18 1.18 1.18 1.18 1.20 1.18 1.15 1.15 1.18 1.18 1.15 1.18 
I71S 1.25 1.24 1.22 1.20 1.20 1.20 1.20 1.20 1.22 1.20 1.20 1.22 
 
 
Table 2-22 2007 Monthly PTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.09 1.07 1.09 1.09 
I264W 1.11 1.11 1.11 1.11 1.11 1.13 1.15 1.11 1.11 1.11 1.11 1.11 
I64E 1.43 1.43 1.46 1.43 1.43 1.43 1.34 1.40 1.43 1.45 1.46 1.43 
I64W 1.60 1.58 2.00 1.78 1.73 1.72 1.75 1.76 2.73 1.67 1.67 1.50 
I65N 1.30 1.36 1.30 1.29 1.31 1.30 1.37 1.31 1.36 1.42 1.40 1.36 
I65S 1.50 1.54 1.40 1.41 1.49 1.49 1.49 1.50 1.43 1.54 1.62 1.62 
I71N 1.20 1.20 1.22 1.20 1.25 1.20 1.15 1.18 1.20 1.22 1.20 1.17 
I71S 1.60 1.58 1.28 1.58 1.71 1.64 1.71 1.60 1.62 1.67 1.30 1.21 
 
 
Table 2-23 2006 Monthly PTI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 1.13 1.13 1.13 1.13 1.09 1.08 1.09 1.09 1.09 1.09 1.09 1.09 
I264W 1.13 1.13 1.13 1.13 1.13 1.10 1.11 1.11 1.13 1.13 1.13 1.11 
I64E 1.43 1.40 1.36 1.62 1.76 1.42 1.22 1.36 1.50 1.50 1.49 1.43 
I64W 1.50 1.46 1.46 1.43 1.40 1.52 1.58 1.62 1.67 1.59 1.58 2.22 
I65N 1.46 1.43 1.36 1.40 1.36 1.33 1.28 1.30 1.30 1.33 1.30 1.58 
I65S 1.67 1.71 1.58 1.62 1.50 1.67 1.54 1.82 1.41 1.40 1.40 4.29 
I71N 1.31 1.25 1.20 2.22 1.64 1.48 1.53 1.55 1.56 1.52 1.53 1.55 
I71S 1.22 1.22 1.22 1.22 1.22 1.19 1.22 1.22 1.22 1.22 1.25 1.22 
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Table 2-24 2008 Monthly BI 
 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.14 0.16 0.15 0.16 0.13 0.14 0.12 0.13 0.15 0.13 0.13 0.12 
I264W 0.11 0.13 0.13 0.10 0.11 0.11 0.11 0.09 0.11 0.10 0.11 0.10 
I64E 0.29 0.39 0.47 0.51 0.54 1.11 1.52 0.62 0.46 0.22 0.18 0.24 
I64W 0.20 0.53 0.83 0.65 0.81 1.01 1.37 1.01 0.50 0.28 0.22 0.22 
I65N 0.18 0.26 0.29 0.17 0.20 0.79 1.01 0.99 0.22 0.23 0.15 0.18 
I65S 0.38 0.72 0.67 0.26 0.57 2.00 2.29 2.40 0.73 0.99 0.70 0.22 
I71N 0.24 0.22 0.23 0.27 0.28 0.27 0.25 0.26 0.29 0.29 0.25 0.26 
I71S 0.26 0.24 0.23 0.26 0.25 0.23 0.24 0.24 0.27 0.27 0.28 0.28 
 
 
Table 2-25 2007 Monthly BI 
 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.14 0.14 0.12 0.14 0.17 0.17 0.17 0.16 0.16 0.14 0.15 0.15 
I264W 0.11 0.11 0.10 0.11 0.11 0.12 0.09 0.11 0.11 0.11 0.11 0.11 
I64E 0.33 0.33 0.35 0.32 0.31 0.30 0.26 0.29 0.31 0.34 0.35 0.33 
I64W 0.57 0.51 0.88 0.70 0.66 0.66 0.61 0.71 1.62 0.54 0.55 0.44 
I65N 0.27 0.35 0.26 0.25 0.28 0.29 0.30 0.29 0.34 0.35 0.34 0.34 
I65S 0.42 0.43 0.30 0.31 0.41 0.42 0.39 0.41 0.35 0.40 0.53 0.47 
I71N 0.25 0.27 0.30 0.29 0.31 0.30 0.24 0.27 0.30 0.29 0.22 0.25 
I71S 0.61 0.55 0.27 0.57 0.69 0.68 0.73 0.63 0.65 0.67 0.33 0.24 
 
 
Table 2-26 2006 Monthly BI 
 
Corridor JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
I264E 0.09 0.09 0.10 0.09 0.14 0.10 0.15 0.14 0.14 0.14 0.14 0.14 
I264W 0.09 0.09 0.10 0.08 0.12 0.09 0.11 0.10 0.12 0.12 0.13 0.11 
I64E 0.27 0.23 0.20 0.43 0.63 0.30 0.14 0.25 0.38 0.37 0.37 0.32 
I64W 0.35 0.33 0.31 0.25 0.34 0.44 0.52 0.51 0.55 0.48 0.49 1.13 
I65N 0.33 0.31 0.26 0.28 0.31 0.26 0.25 0.24 0.22 0.24 0.23 0.48 
I65S 0.50 0.58 0.47 0.49 0.47 0.58 0.51 0.73 0.37 0.32 0.35 2.64 
I71N 0.31 0.25 0.21 1.27 0.72 0.54 0.60 0.66 0.64 0.56 0.61 0.64 
I71S 0.19 0.18 0.17 0.15 0.24 0.20 0.23 0.22 0.24 0.24 0.26 0.24 
 
 
2.4.3 Weekly Pattern 
 
It appeared that travel time is less reliable during weekdays, which is consistent with the 
common understanding.  Nevertheless, the distinction between the reliability measures between 
weekdays and weekends were not as significant as that observed for congestion measures such as 
TTI.   
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Table 2-27 2008 Weekly PTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.09 1.09 1.09 1.07 1.09 1.09 1.08 
I264W 1.09 1.13 1.11 1.11 1.11 1.09 1.07 
I64E 1.58 1.58 1.62 1.62 1.58 1.50 1.50 
I64W 1.58 1.71 1.82 2.00 1.88 1.46 1.43 
I65N 1.30 1.36 1.33 1.33 1.30 1.20 1.18 
I65S 1.82 1.94 2.00 1.94 1.88 1.88 1.88 
I71N 1.15 1.20 1.20 1.20 1.18 1.12 1.11 
I71S 1.20 1.25 1.25 1.25 1.20 1.15 1.13 
 
 
Table 2-28 2007 Weekly PTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.09 1.09 1.09 1.09 1.09 1.09 1.09 
I264W 1.11 1.13 1.13 1.13 1.13 1.11 1.09 
I64E 1.43 1.46 1.46 1.46 1.43 1.36 1.34 
I64W 1.71 1.76 1.82 1.87 1.82 1.60 1.61 
I65N 1.35 1.36 1.33 1.34 1.30 1.28 1.38 
I65S 1.52 1.54 1.51 1.54 1.53 1.43 1.43 
I71N 1.18 1.27 1.25 1.22 1.20 1.13 1.11 
I71S 1.35 1.62 1.62 1.62 1.43 1.67 1.46 
 
 
Table 2-29 2006 Weekly PTI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 1.11 1.11 1.11 1.11 1.11 1.09 1.10 
I264W 1.11 1.15 1.15 1.13 1.13 1.11 1.09 
I64E 1.43 1.46 1.43 1.50 1.46 1.40 1.36 
I64W 1.54 1.60 1.62 1.67 1.62 1.44 1.43 
I65N 1.36 1.40 1.36 1.36 1.36 1.33 1.36 
I65S 1.67 1.71 1.67 1.68 1.67 1.46 1.48 
I71N 1.47 1.36 1.46 1.53 1.48 1.58 1.57 
I71S 1.20 1.26 1.25 1.25 1.22 1.15 1.13 
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 Table 2-30 2008 Weekly BI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.15 0.14 0.14 0.13 0.15 0.15 0.14 
I264W 0.09 0.13 0.11 0.11 0.11 0.10 0.09 
I64E 0.48 0.47 0.51 0.51 0.48 0.45 0.44 
I64W 0.51 0.62 0.73 0.87 0.78 0.48 0.44 
I65N 0.26 0.29 0.27 0.27 0.25 0.19 0.17 
I65S 0.69 0.75 0.80 0.76 0.73 0.78 0.80 
I71N 0.24 0.29 0.30 0.28 0.28 0.21 0.19 
I71S 0.24 0.28 0.28 0.27 0.26 0.22 0.19 
 
 
Table 2-31 2007 Weekly BI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.15 0.15 0.15 0.15 0.16 0.16 0.16 
I264W 0.10 0.12 0.12 0.12 0.12 0.11 0.10 
I64E 0.32 0.34 0.34 0.34 0.32 0.30 0.28 
I64W 0.65 0.65 0.69 0.71 0.72 0.61 0.63 
I65N 0.31 0.30 0.28 0.28 0.27 0.28 0.38 
I65S 0.42 0.41 0.40 0.40 0.42 0.39 0.39 
I71N 0.25 0.33 0.31 0.29 0.29 0.22 0.19 
I71S 0.36 0.60 0.60 0.59 0.47 0.74 0.53 
 
 
Table 2-32 2006 Weekly BI 
 
Corridor MON TUE WED THU FRI SAT SUN 
I264E 0.12 0.12 0.12 0.12 0.13 0.13 0.14 
I264W 0.09 0.13 0.13 0.11 0.11 0.10 0.09 
I64E 0.29 0.31 0.29 0.34 0.32 0.30 0.28 
I64W 0.45 0.47 0.48 0.49 0.48 0.40 0.40 
I65N 0.28 0.29 0.27 0.26 0.28 0.28 0.32 
I65S 0.57 0.59 0.56 0.54 0.55 0.41 0.42 
I71N 0.52 0.41 0.51 0.57 0.54 0.64 0.64 
I71S 0.19 0.22 0.23 0.22 0.23 0.18 0.16 
 
 
2.4.4 Daily Pattern 
 
The following tables contain the reliability measures by time-of-the-day.  Again, the grouping 
scheme is: 
 
12:00am – 5:59am:  early morning (EM) 
6:00am – 8:59am: AM peak (AM) 
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 9:00am – 3:59pm: mid-day (MID) 
4:00pm – 6:59pm: PM peak (PM) 
7:00pm – 11:59pm: late night (LN) 
 
One can observe that, in terms of PTI, PM appeared to be the peak of the day on I-64 and I-65 
while EM seemed to be the “peak” on I-264 and I-71.  Again, for various reasons discussed in 
section 2.3.4, one should be cautious to designate the condition in early morning as “congestion”.  
In general, travel time was less reliable on during the night time.  Travel time reliability appeared 
to have worsened on I-65, particularly on the southbound; while it remained unchanged or 
slightly improved (e.g., I-71) on other interstates.   
 
Table 2-33 2008 PTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.11 1.09 1.07 1.03 1.07 
I264W 1.13 1.09 1.09 1.05 1.07 
I64E 1.71 1.43 1.36 1.88 1.58 
I64W 1.71 1.71 1.40 2.22 1.58 
I65N 1.30 1.43 1.22 1.30 1.28 
I65S 2.00 1.76 1.67 2.40 1.94 
I71N 1.25 1.11 1.09 1.09 1.13 
I71S 1.25 1.25 1.13 1.11 1.18 
 
Table 2-34 2007 PTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.13 1.09 1.07 1.05 1.09 
I264W 1.15 1.11 1.09 1.09 1.09 
I64E 1.54 1.40 1.36 1.71 1.44 
I64W 1.76 1.71 1.50 2.31 1.71 
I65N 1.68 1.40 1.15 1.28 1.28 
I65S 1.62 1.42 1.33 1.88 1.50 
I71N 1.30 1.13 1.07 1.11 1.11 
I71S 1.82 1.67 1.33 1.28 1.58 
 
Table 2-35 2006 PTI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 1.13 1.11 1.11 1.07 1.09 
I264W 1.15 1.11 1.11 1.07 1.11 
I64E 1.58 1.40 1.36 1.62 1.43 
I64W 1.66 1.54 1.30 1.88 1.54 
I65N 1.58 1.44 1.25 1.27 1.33 
I65S 1.94 1.43 1.28 1.82 1.62 
I71N 2.05 1.41 1.29 1.35 1.44 
I71S 1.28 1.45 1.13 1.11 1.18 
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One should note that PTI is a measure relative to the free-flow condition, while BI measures 
additional time necessary to ensure a 95% chance on time arrival beyond what a traveler usually 
experience.  BI is a measure that makes more sense to a traveler since s/he might not have an 
accurate estimate of the free-flow travel time for the route.  Table 2-36 to Table 2-38 
demonstrate the BI measure for the three year period.  It appeared that to an individual traveler, 
travel time was least reliable during the PM period in 2008.  Same observation can be made for 
all interstates except for I-65/I-71 during 2006-7.  In 2008, reliability worsened on I-64 and I-65 
for almost all periods, particularly on I-65S.  On the other hand, reliability remained unchanged 
or slightly improved (e.g., I-71S) on I-264 and I-71.   
 
Table 2-36 2008 BI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.09 0.15 0.12 0.14 0.13 
I264W 0.07 0.10 0.09 0.09 0.08 
I64E 0.53 0.33 0.30 0.75 0.51 
I64W 0.56 0.58 0.37 1.10 0.56 
I65N 0.19 0.35 0.19 0.26 0.25 
I65S 0.76 0.67 0.56 1.11 0.81 
I71N 0.16 0.18 0.19 0.21 0.21 
I71S 0.13 0.26 0.20 0.20 0.21 
 
Table 2-37 2007 BI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.12 0.16 0.12 0.16 0.17 
I264W 0.08 0.11 0.08 0.10 0.09 
I64E 0.37 0.27 0.28 0.57 0.35 
I64W 0.62 0.56 0.47 1.09 0.69 
I65N 0.56 0.33 0.14 0.23 0.25 
I65S 0.44 0.36 0.29 0.64 0.43 
I71N 0.19 0.20 0.16 0.19 0.19 
I71S 0.65 0.61 0.38 0.30 0.62 
 
Table 2-38 2006 BI by time-of-the-day 
 
Corridor EM AM MID PM LN 
I264E 0.10 0.13 0.12 0.13 0.12 
I264W 0.07 0.10 0.09 0.08 0.09 
I64E 0.39 0.23 0.25 0.46 0.32 
I64W 0.50 0.38 0.24 0.67 0.47 
I65N 0.41 0.30 0.19 0.20 0.25 
I65S 0.69 0.39 0.24 0.61 0.54 
I71N 0.86 0.45 0.37 0.43 0.48 
I71S 0.15 0.38 0.15 0.14 0.18 
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2.5 Identify Bottlenecks 
 
Rush hour demand often causes congestion to occur at certain locations and times.  Travel time 
based congestion measures computed at segment level can be used to identify the location of the 
bottleneck along a highway.  Where are the bottleneck locations along the interstates in 
Louisville metro area?   
 
2.5.1 I-65 
In 2008, the bottleneck on I-65 appeared to be at segment SKYI65004S and SKYI65005N based 
on the overall statistics of the congestion and reliability measures at the segment level.  These 
stations are located at milepost 135.2.  The measures from these stations were compared to those 
from neighboring stations that are only 0.4 mile apart from them, as shown in Table 2-39.   
 
Table 2-39 I-65 Bottleneck in 2008 
 
MP Southbound Northbound Segment TTI PTC PTI Segment TTI PTC PTI 
135.6 SKYI65003S 1.00 0.03 1.15 SKYI65004N 1.05 0.07 1.28 
135.2 SKYI65004S 2.61 1.00 4.29 SKYI65005N 1.48 0.54 2.48 
134.8 SKYI65005S 1.17 0.25 1.40 SKYI65006N 1.14 0.13 1.28 
 
Based on the aerial map shown in  
Figure 2-2 Aerial map of the surroundings of station SKYI65004S at I-65 milepost 135.2 
, the station at milepost 135.2 is located in the middle of a 0.8-mile long section on which three 
consecutive on-ramps feed traffic to the southbound of I-65 from the 1st Street, the 1st and 
Chestnut Streets, and the 1st and Jacob Streets.  For the northbound direction, there are 3 off-
ramps in this section with a couple of on-ramps at its immediate upstream and downstream 
locations.  Such frequent access points coupled with the fact that I-65 being a major truck traffic 
corridor through downtown Louisville can explain the frequently occurred congestion at the 
section.  Further review of the measures at 15-min level also confirmed that the average TTI was 
constantly above 2.30 over an entire day, while PTI was at least 3.50 for all 15-min intervals in a 
day.   
 
Data from 2007 and 2006 also confirmed that this section was the most congested along I-
65.  Table 2-40 shows the change in travel time performance measures for SKYI65004S and 
SKYI65005N during 2006-8.  It’s obvious that traffic condition had deteriorated during the three 
year period, in the aspects of both congestion and reliability.   
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Figure 2-2 Aerial map of the surroundings of station SKYI65004S at I-65 milepost 135.2 
 
 
Table 2-40 Performance measures for station at milepost 135.2 of I-65 
 
 Southbound (SKYI65004S) Northbound (SKYI65005N) 
 TTI PTC PTI TTI PTC PTI 
2008 2.61 1.00 4.29 1.48 0.54 2.48 
2007 1.83 0.78 4.29 1.13 0.33 1.58 
2006 1.41 0.78 1.94 1.16 0.42 1.39 
 
Another bottleneck location on I-65 is where it connects to I-264.  At station SKYI65014S, the 
overall TTI is 1.28, PTI is 1.43, and PTC is 0.69 in 2008.   
 
2.5.2 I-64 
 
In 2008, I-64 was the second most congested freeway in the area.  Based on the annual statistics 
for each segment, the most congested segments on I-64 are located at the middle of the 
“spaghetti junction” on a 1.3 mile section.  Table 2-41 lists the measures for these locations.  
Comparison with measures at other location showed that this section had the worst congestion 
and the lowest travel time reliability among all stations on I-64.  Although the measures reflected 
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 the impact of peak period demand, delay almost always existed on this section of I-64 over an 
entire day.   
 
Table 2-41 Bottleneck points on I-64 in 2008 
 
MP Eastbound Westbound 
Segment TTI PTC PTI Segment TTI PTC PTI 
5.6 SKYI64001BE 1.77 0.93 3.13 SKYI64002BW 1.75 0.70 4.23 
SKYI64001AE 1.58 0.65 3.21 SKYI64002AW 1.57 0.59 3.30 
 
Figure 2-3 illustrates TTI and PTI together with PTC for one of the bottleneck points in the table 
above.  It appeared that congestion existed all day long.  It can be noted that during night time, 
i.e., 9pm – 6am, almost all traffic was traveling at a speed below 50mph.  One should be cautious 
in presenting this as “congestion” because during nighttime, traffic volume is rather low.  Similar 
observation can be made for at almost all locations under surveillance.  One possible explanation 
is that under the low light condition, the wide beam radars – the most frequently used devices in 
TRIMARC – do not perform as well in measuring speeds, especially the older generations of the 
product.  Therefore, the lower speed at nighttime should not be automatically considered as a 
result of congestion.  Other contributing factors may include driver behavior, law enforcement, 
etc.   
 
 
 
Figure 2-3 2008 TTI, PTI and PTC for SKYI64001AE 
 
 
Besides these locations, stations SKYI64010W (located at MP11.2 right inside I-264) and 
SKYI64011E (located at MP17.0 at the interchange with Blankenbaker Parkway) also exhibited 
signs of bottleneck.  For SKYI64010W, the TTI is 1.26, PTI is 1.43, and PTC is 0.44 for 2008.  
For SKYI64011E, the TTI is 1.17, PTI is 1.27, and PTC is 0.36 for 2008.   
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2.5.3 I-71 
 
I-71 traffic was not as congested as the traffic on I-65 or I-64.  Annual average travel time 
indices for all locations on I-71 were mostly 1.00 which indicates a free-flow condition.  The 
most congested spot was segment SKYI71002S located at milepost 0.6 right before I-71 ends 
and merges with I-64 at the “spaghetti junction”.   
 
Table 2-42 Bottleneck points on I-71 in 2008 
 
MP Southbound Northbound 
Segment TTI PTC PTI Segment TTI PTC PTI 
0.6 SKYI71002S 1.10 0.09 1.25 SKYI71001N 1.00 0.04 1.25 
 
 
2.5.4 I-264 
 
There didn’t appear to be a bottleneck on I-264.  The most congested spot on I-264 in 2008 was 
at 0.5 mile marker on the westbound I-264 (i.e.,  SKYI264001W) before it connects to I-64E.  
With an annual average TTI of 1.05, PTI of 1.15, only 1% travel at this location was at a speed 
lower than 50mph.   
 
 
  
22
 CHAPTER 3 IMPACT OF INCIDENTS ON FREEWAY PERFORMANCE 
 
 
Congestion on highways can be classified as recurrent congestion and non-recurrent congestion.  
Recurrent congestion is usually caused by excessive demand during certain periods of a day at 
certain locations of the road.  It is often observed at heavily traveled sections of a road during 
rush hours.  The delay caused by such congestion is, although undesirable, expected by travelers.  
They can then plan their trips accordingly to ensure on-time arrival.  However, non-recurrent 
congestion, caused by mostly by incidents, not only incurs delay, but also can significantly 
degrade the reliability of travel time of those travelers affected.   
 
This chapter documents the effort in analyzing the impact of incidents on highway congestion 
measures.  The scope of the study determined that the analysis would be conducted at the 
corridor level to correlate travel time reliability measure with incident characteristics.   
 
3.1 Overview 
 
It’s been widely recognized that highway incident is a major contributor to unreliable travel time 
(e.g., NCHRP 2003).  The non-recurrent congestion caused by incidents adds uncertainty to a 
traveler’s trip and subsequently reduces personal and business productivity.   
 
The annual Urban Mobility Report (Texas Transportation Institute 2009) provides aggregated 
estimates on incident-related travel delay.  The daily incident vehicle-hours of delay is computed 
as the product between the daily recurring vehicle-hours of delay and the recurring-incident 
delay factor ratio.  The delay factor ratio is developed through analyzing various freeway 
characteristics and traffic volume patterns, as well as the capacity reduction effect of the crashes 
with varying frequency and severity.   
 
More and more state DOTs have studied the effect of non-recurrent congestion as part of effort 
on improving operations and planning.  In a Florida DOT study concluded in early 2010, a travel 
time reliability model was developed and refined.  Using historical data, the probability of 
incident per lane-mile under various weather and construction scenarios were estimated.  Travel 
time is then estimated for each hour of a day while also taking the duration of an incident into 
consideration (Elefteriadou et al 2010).   
 
In a New York State DOT study in 2008, models to estimate non-recurring delays were reviewed 
with the goal of adapting the Congestion Needs Analysis Model (CNAM) to urban arterial traffic 
in the New York City.  Traffic and incident data were from TRANSCOM regional traffic 
management center, while the DOT provided the roadway design characteristics.  It was 
recommended that the lookup tables used in CNAM should classify incidents based on its 
severity (e.g., property damage, personal injury) rather than simply based on the number of lanes 
blocked.  Other factors considered in generating lookup tables are roadway type, incident 
frequency, incident duration, time of day, day of week, as well as weather and pavement 
conditions (List et al 2008).   
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Washington DOT conducted a study several years ago on quantifying incident-induced delays 
for freeways (Wang et al 2008).  A modified deterministic queuing theory was applied to one-
minute aggregated loop detector data from the regional traffic monitoring system.  This method 
captures the freeway traffic flow evolution during incident and was tested to have performed 
well.   
 
A similar effort was undertaken at University of Kentucky in 2007 aiming to measure delay 
caused by freeway incidents.  A simple and straightforward approach was taken to create lookup 
tables based on the time-of-day factor.  A double-exponential smoothing method was used to 
simulate the condition if the incident were not to occur based on a dynamic traffic profile and the 
pre-incident condition of the section under the influence.   
 
The next section describes the effort in linking reliability measure with incident characteristics.  
Buffer index is chosen as the measure for reliability for this analysis because it does not involve 
an artificially determined free-flow speed, as does the planning time index.   
 
3.2 Linking Reliability Measure with Incidents 
 
Incidents on a roadway disrupt traffic flow.  The extent of the disruption depends on various 
aspects of an incident, such as the time incident occurs, its duration, and severity, in addition to 
flow and geometric conditions of the roadway.  An incident occurs during the peak hour usually 
has more significant impact on traffic compared to that occurs during off-peak period.  The 
duration of an incident is measured as the time interval between the onset of the incident and the 
moment it is cleared off the road.  Both times are reported in the TRIMARC incident log.  Table 
3-1 shows a sample of incidents in the log.   
 
  
 
 
Table 3-1 Sample Incident Log 
 
Date Identifier State Highway Direction RefMarker Description BlockedLanes StartDate StartTime EndDate EndTime 
7/30/2008 701 KY I-71 N 5.4 Abandoned 
Vehicle; 
0 7/30/2008 7:43 7/30/2008 7:55 
10/17/2008 1585 KY I-71 N 0.2 Abandoned 
Vehicle; 
0 10/17/2008 8:32 10/17/2008 8:55 
9/11/2008 1171 KY I-71 N 2 Abandoned 
Vehicle; 
0 9/11/2008 8:33 9/11/2008 8:36 
8/8/2008 816 KY I-71 N 1 Abandoned 
Vehicle; 
0 8/8/2008 11:40 8/8/2008 12:19 
12/26/2008 2229 KY I-71 N 2.2 Abandoned 
Vehicle; 
0 12/26/2008 13:14 12/26/2008 13:46 
8/29/2008 1029 KY I-71 N 2.6 Abandoned 
Vehicle; 
0 8/29/2008 13:32 8/29/2008 13:59 
7/17/2008 553 KY I-71 N 5.1 Accident; 0 7/17/2008 6:43 7/17/2008 8:15 
10/8/2008 1475 KY I-71 N 5 Accident; 0 10/8/2008 7:06 10/8/2008 7:50 
12/26/2008 2224 KY I-71 N 8 Accident; 0 12/26/2008 7:53 12/26/2008 8:21 
12/31/2008 2260 KY I-71 N 3 Accident; 0 12/31/2008 8:15 12/31/2008 8:47 
6/3/2008 182 KY I-71 N 2 Accident; 0 6/3/2008 8:32 6/3/2008 8:48 
9/12/2008 1192 KY I-71 N 5 Accident; 0 9/12/2008 8:40 9/12/2008 8:56 
7/29/2008 687 KY I-71 N 4 Accident; 0 7/29/2008 9:01 7/29/2008 9:26 
9/20/2008 1277 KY I-71 N 5 Accident; 0 9/20/2008 10:07 9/20/2008 10:42 
7/28/2008 672 KY I-71 N 5 Accident; 0 7/28/2008 10:34 7/28/2008 11:00 
10/8/2008 1482 KY I-71 N 5 Accident; 0 10/8/2008 10:56 10/8/2008 11:04 
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 Considering the fact that incidents occurred at various locations along the roadway, congestion 
measures at the corridor level are used in the analysis.  The aspects of an incident considered in 
this study are the number of incidents, duration, and severity because of the availability of these 
items.  Various forms of these aspects are tested, such as  
• the number of incident vs. incident per lane-mile 
• total incident duration vs. the fraction of time with incident for the time period 
• the number of incidents with blocked lane(s) vs. the fraction of incident time with lane 
blockage vs. the fraction of time with lane-blocking incidents  
 
T
: number of incidents during the time frame 
he specific variables used in the analysis are defined as: 
 
: incident per lane mile 
ଵܺ
ଶ
: annual percentage time that roadway is under the impact of incident 
ܺ
ଷ
: percentage of the total incident time that involves lane blockage 
ܺ
ܺସ
ܺହ: annual percentage time that roadway is under the impact of lane-blocking incident 
 
Correlations analyses were performed to test the co-linearity between buffer index and the 
incident parameters listed above.  Table 3-2 shows the coefficient of correlation between any 
pairs of the data grouped by time period.  This coefficient ranges between 0 and 1; the closer it is 
to 1, the stronger the correlation between the two variables is.  Note that only those 
congestion/reliability measures during daytime were used since the TRIMARC incident log file 
did not contain incidents during the nighttime when operators were off duty.   
 
Table 3-2 Correlation matrix by time period 
 
(a) AM Period 
 
 BI ଵܺ ܺଶ ܺଷ ܺସ ܺହ
BI 1.00      
ଵܺ 0.66 1.00     
ܺଶ 0.56 0.81 1.00    
ܺଷ 0.61 0.97 0.83 1.00   
ܺସ 0.10 -0.36 -0.28 -0.36 1.00  
ܺହ 0.79 0.65 0.53 0.58 0.46 1.00 
 
(b) MID Period 
 
 BI ଵܺ ܺଶ ܺଷ ܺସ ܺହ 
BI 1.00      
ଵܺ 0.54 1.00     
ܺଶ 0.48 0.85 1.00    
ܺଷ 0.67 0.95 0.82 1.00   
ܺସ 0.83 0.53 0.49 0.56 1.00  
ܺହ 0.85 0.87 0.79 0.95 0.77 1.00 
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 (c) PM Period 
 
 BI ଵܺ ܺଶ ܺଷ ܺସ ܺହ 
BI 1.00      
ଵܺ 0.62 1.00     
ܺଶ 0.43 0.87 1.00    
ܺଷ 0.55 0.94 0.74 1.00   
ܺସ 0.33 0.40 0.50 0.32 1.00  
ܺହ 0.58 0.95 0.83 0.97 0.51 1.00 
 
 
The percentage time with lane-blocking incidents appeared to have strong correlation with buffer 
index, particularly during the morning peak and mid-day periods.   
 
For the AM period, a scatter plot (shown in Figure 3-1) was generated to illustrate the colinearity 
s.  A linear equation can be used to fit their relationship: between these two variable
 
ܤܫ ൌ 0.0 3 .557Xହ. 06 7 ൅ 19
It has an ܴଶ ൌ 0.55 and the model’s p-value is 0.02.  This indicated that although the percentage 
time with lane blocking incident only explains about 55% of the variations in the buffer index, 
the overall model is statistically significant (p-value lower than the significance level 0.05) and, 
therefore, valid.   
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Figure 3-1 Scatter plot between BI and the percentage time with lane-blocking incident for AM period 
 
 
For the MID period, a similar scatter plot can be drawn.  Subsequently the linear model is: 
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 ܤܫ ൌ 0.064 ൅ 14.12Xହ 
 
It has an ܴଶ ൌ 0.67 and the model’s p-value is 0.008.  This model has a slightly better fit 
compared to the AM period model.   
 
For the PM period, one may have noticed that the coefficient of correlation between BI and 
percentage time with lane blocking incident is not as high.  The scatter plot is illustrated 
by Figure 3-2.  It appears that there is not a single variable that represents characteristics of 
freeway incidents that can be used to fit a reasonable curve with the buffer index.  Attempts to 
use incident counts, percentage time with incident, percentage time with lane blocking incident, 
and various combinations of potential input variables in Table 3-2 have yielded models with low 
ܴଶ values and high model p-values (>0.05 which is the level of significance).   
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Figure 3-2 Scatter plot between BI and the percentage time with lane-blocking incident for PM period 
 
The phenomenon may be explained by the fact that PM traffic was usually the heaviest during a 
day.  This was attested by the higher values of percentage travel under congestion during this 
period.  Under heavy traffic flows, the impact of incidents on travel time reliability would be less 
obvious, especially if the traffic was already at the stop-and-go condition due to near or over-
capacity demand during rush hour.  For time period with lighter vehicular flows (such as AM 
and MID periods), the contribution of incidents to travel time reliability would be more 
discernible from the data.  More research is needed to determine the “tipping point” on the scale 
of the flow.   
 
In order to better evaluate the impact of non-recurrent congestion on travel time reliability, it is 
necessary to review each individual incident and associated traffic data from neighboring stations 
of the incident location.  Scenarios can then be developed to estimate the traffic parameters 
(volume, speed, etc.) of the hypothetically “no-incident” condition based on pre-incident 
conditions.  Congestion and reliability measures can then be subsequently computed.  
Comparison between the two sets of congestion/reliability measures at both segment and corridor 
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 levels can then be made to quantify the impact of incidents.  Nevertheless, the correlation 
between buffer index and the percentage time that the roadway had blocked lane(s) implies that 
strategies aiming at reducing lane blockage time may be an effective approach to improving 
travel time reliability.   
 
3.3 Bottleneck and Incident 
 
Section 2.5 discusses the identification of the bottleneck for each freeway.  Although at these 
locations incidents especially crashes may not have a daily occurrence, these segments often 
have a much higher rate of crashes per lane-mile compared to the entire corridor.  Based on the 
TRIMARC incident log in 2008, the bottleneck segment on I-65 (between MP134.8 and 
MP135.6) had approximately twice as many crashes per mile than that for the entire monitored 
corridor.  On the northbound lanes, the rate was 13 crashes per mile on this bottleneck section, 
while for the entire I-65N the per-mile crashes averaged 6.2.  For the “spaghetti junction” portion 
of the I-64 which is 1.3 mile long, the per-mile crash rate is 10.0 for eastbound and 18.5 for 
westbound while the rate is 3.7 for the entire I-64E and 4.8 for the entire I-64W.   
 
It may be premature to conclude that incidents including crashes have caused congestion at these 
locations, because congestion occurred frequently at these locations throughout the year, 
regardless if there’s an incident.  However, one can certainly infer that these bottleneck locations 
were crash prone based on the disproportionately high crash rate.  The heavy traffic volume and 
merging/weaving maneuver were possible causes.  Nevertheless, incidents including crashes 
disrupt traffic flow, often reduce capacity by blocking lane(s), and therefore caused long delays.  
Attention should be paid to these locations in planning operations improvements.   
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